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A better understanding of
the last unexplored places
Bruno Bonell, Secretary
General for Investment

Today’s oceans face many challenges. Our country has the
world’s second largest maritime area, spread across three
major oceans: Atlantic, Pacific, and Indian. The deep ocean,
where depths exceed 200m, cover two-thirds of the Earth’s
surface, but only a very small fraction has been explored to
date. Yet they harbour a rich biodiversity and interact with
our climate. Understanding these environments will be
a source of major scientific discoveries. It is also an issue
of sovereignty. That’s why deep-sea exploration is one of
the ten objectives of France 2030, the €54 billion invest-
ment plan launched in October 2021 by the French govern-
ment to transform the strategic sectors of our economy
through innovation, research, industrialisation, and training.
With France 2030, 350 million will be invested in scienti-
fic knowledge of the deep seabed. This is unprecedented,
and reflects a growing awareness of the importance of the
challenges facing the ocean, which is reflected in the exten-
sive involvement of the French government.

We have a number of ambitions: to strengthen scien-
tific research, support innovation specific to the deep
ocean, conduct exploration expeditions to gather scienti-
fic knowledge of the deep ocean using innovative equip-
ment supplied by the French industry, but also disseminate
knowledge and carry out awareness-raising initiatives aimed
at the general public.

© Secretary General
for Investment

As a cutting-edge institute, Ifremer is a key player in
contributing to our scientific knowledge of the deep seabed,
in particular by carrying out exploration campaigns at sea,
and a catalyst for innovative projects with industry.

I would like to take this opportunity to welcome the first
operational use of UlyX, a new-generation drone capable of
diving to a depth of 6,000 metres. As we know, the ocean
is an ecosystem under threat from global warming, pollu-
tion, and over-exploitation of its resources. The Ocean-Cli-
mate priority research programme (PRP), co-directed by the
French CNRS (French National Centre for Scientific Research)
and Ifremer, has been allocated €40m over 6 years (2022-
2027) to improve our understanding of this environment and
help preserve it. The various calls for projects launched are
designed to pursue and develop the cutting-edge techno-
logies needed to understand the seabed.

The establishment of a research programme (PERP) on
the seabed, entrusted to the CNRS, Ifremer and the IRD, will
study the physical, biogeochemical processes at work in the
deep seabed in order to provide a wealth of data that will
contribute to the global digital description of the ocean. This
2022 activity report highlights Ifremer’'s many achievements
in research and innovation in the field of ocean sciences, and
I am delighted to discover the great successes to and in the
future, as we work towards a better understanding of this
final frontier.
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Francois Houllier,
Chief Executive Officer

at Ifremer

Ahigh point in the life of a research organisation, the Hcéres
evaluation praised the quality of the research conducted
by our institute’s laboratories, our ability to manage major
research facilities, the scientific policy pursued since 2017
and the attention paid to overseas France. It noted the
relaunch of an innovation approach based on the transfer
and partnership with businesses, recognised the relevance
of expert assessments and monitoring activities in support
of public policies, and appreciated the efforts made to share
marine knowledge with as many people as possible. These
positive results are to the credit of Ifremer’s employees and
teams. The assessment also identified areas for improve-
ment, which will be taken into account in the preparation
of the next goals, resources, and performance contract. In
particular, it highlighted the need to increase multidiscipli-
nary nature in order to understand the major societal issues
affecting the oceans and the dual need to strengthen Ifre-
mer’s economic model and improve the attractiveness of
careers at the institute.

The year 2022 also saw the deployment, launch,
and announcement of several programmes funded by
France2030 that support the development of marine science
and technology. Over the past few years, the General Secre-
tariat for Investment and the Ministry of Higher Education
and Research have launched a range of ocean-related initia-
tives that are not confined to the ‘Objective 10’ programme
dedicated to the seabed. Many aspects of ocean sciences
are covered, including priority research programmes, faci-

//I © Cyril Marcilhacy / Collectif Item

lities of excellence, flagship projects, and developments to
support the emergence of new sectors and France’s techno-
logical sovereignty. Ifremer is involved in these programmes
in three ways: not only through its units as a scientific and
technological operator carrying out and participating in pro-
jects; but also in its role of programming research and buil-
ding shared scientific facilities; and as a committed partner
alongside several universities whose projects include a mari-
time section.

In February 2022, under the French presidency of the
Council of the European Union, the first international summit
dedicated to the ocean, the One Ocean Summit, was the first
stage of major events which, throughout 2022, affirmed the
importance of the ocean and the issues associated with it on
the European and international agendas. The focus is now on
the 3rd United Nations Ocean Conference, co-organised by
Costa Rica and France and to be held in June 2025 in Nice:
science is a set to play a major role and Ifremer is preparing
to make a full contribution.
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2022 Highlights

9-11 February

Mobilised
at the One Ocean Summit

THE ONE PLANET SUMMIT

L  FOR THE QCEAN

B, 1€ 1 FERRFLUARY 2037

Ifremer was heavily involved in this international summit
on the ocean, which took place in Brest over 3 days, orga-
nising the OneOceanScience forum, a world tour of ocean
sciences welcoming scientists from 10 countries, and a mee-
ting of European oceanographic fleets) and taking part in
other activities.

1March
Delmoges: limiting incidental
catches of cetaceans

13 February

Nautile dives
for the French Navy

The manned submarine Nautile carried out a four-hour dive
in the Mediterranean to demonstrate the deep-sea interven-
tion capabilities of the French Oceanographic fleet. Led by
Ifremer, the dive enabled a specialist from the French Navy
to follow and inspect a cable at a depth of 2,100m using the
high-definition images transmitted by the Nautile.

The Nautile, Ifremer’s manned submarine, diving Photo © Ifremer

13 April
A short film to discover the
French Oceanographic Fleet

Noting an increase in dolphin bycatch in the Bay of Biscay
since 2016, Ifremer, La Rochelle University, and the CNRS
have launched Delmogues (Delphinus movement manage-
ment) research project, which aims to gain a better unders-
tanding of the interactions between dolphins and fishing
activities within the ecosystem, and to identify solutions to
reduce bycatch.

Dolphins at the bow of a fishing boat Photo © La Rochelle University, CNRS,
Pelagis, JJ BOUBERT

Directed by Rémy Marion and Stéphane Durand, and fea-
turing the voices of two ocean enthusiasts (Jacques Perrin
et Jean-Marc Barr, this film presents the staff, resources,
expeditions, and challenges of the French oceanographic
fleet, one of the largest in the world. Uploaded online on 13
April 2022, the film took a year to make.

On-board camera on the ships of the French Oceanographic Fleet
Photo © Rémy Marion



Highlights

2 June
Framework agreement with
France Nature Environnement

= !ﬁ! o

AL

Taking a further step towards strengthening links with
society, Ifremer has signed a 5-year framework agree-
ment with France Nature Environnement (FNE), which
brings together nearly 9,000 nature protection associa-
tions in France and French overseas territories. The aim is
to structure collaboration between Ifremer and FNE around
the protection of the oceans and the responsible use of
marine resources.

Frangois Houllier, CEO of Ifremer, and Arnaud Schwartz, president of France
Nature Environnement signed a framework agreement.

4 July

Bluefins wins i-Lab 2022
competition

Supported by Ifremer’s innovation programme, the start-up
Bluefins is developing a sustainable propulsion system ins-
pired by whale flukes. This hydrofoil won over the jury of the
i-Lab competition, organised by the French Ministry of Higher
Education and Research. Bluefins is one of 78 winning compa-
nies in the 2022 competition, selected from 396 applicants.
The hydrofoil designed by Bluefins being tested in Ifremer’s tanks. Photo © Bluefins
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2'8 June - 27 July
Ecole Bleu Outremer on board
the Marion Dufresne Il

Aboard the largest ship in the French oceanographic fleet,
75 students from the scientific, maritime, and artistic
disciplines sailed from La Réunion to Mayotte to discover
the Indian Ocean and its challenges. This month of learning
and exchange culminated in a seminar organised on board
with the participation of 25 elected representatives, senior
government officials, scientists, and public funders.

Class photo on the deck of the Marion Dufresne for the students of
the Ecole Bleu Outremer class of 2022 Photo © Ifremer/Louis Bouscary

27 September
“Science and Ethics” day
on tribute to Axel Kahn

Through this day of reflection and sharing on science and
ethics, which brought together 120 people, Ethics in Common,
the joint ethics advisory committee on Inrae, CIRAD, Ifremer,
and the IRD, wanted to pay tribute to the spirit of openness
and dialogue of its former president, Axel Kahn, a renowned
doctor and geneticist, who died on 5 July 2021.

Axel Kahn'’s speech at the symposium “Ensemble, protéger la biodiversité
marine: connaitre pour agir” (“Together, protecting marine biodiversity:
knowledge for action”) organised on 12 March 2020 by Ifremer and the OFB
(French Biodiversity Office) Photo © Stéphane Lesbats - Ifremer
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2022 Highlights

October

PhD students in the spotlight!
Florence Briton and Carolane Giraud

19 October
Welcoming a a delegation from
France 2030

inmmsenenns

Florence Briton, who completed her PhD at Ifremer, was
awarded the Australian Agricultural and Resource Econo-
mics Society's prize for the best thesis in the field of agri-
culture and resource economics, for her work on fisheries
management, modelling and ecoviability. Carolane Giraud
was awarded the 2022 Young Talents France Prize by the
L'Oréal-UNESCO Foundation for Women in Science. A doc-
toral student at the Lagoons, Ecosystems, and Sustainable
Aquaculture (LEAD) laboratory in New Caledonia, her PhD
focuses on the study of environmental phenomena and
microbial communities affecting shrimp farming, a key eco-
nomic activity on the island.

Carolane Giraud (left), winner of the 2022 Young Talents France Prize by the LOréal-
UNESCO Foundation for Women in Science, and Florence Briton, winner of the best
thesis prize from the Australian Agricultural and Resource Economics Society Photo
© Jean-Charles Caslot

20 October
Hcéres evaluation report
on Ifremer

The French High Council for the Evaluation of Research and
Higher Education (Hcéres) has published its report on Ifre-
mer for period 2016-2020. Praising the scientific excellence
and the quality of its research, the richness of its opening to
society and the economic world, the committee of experts
recommends that the Institute continue its dynamic trans-
formation by improving certain practices (interdisciplinarity,
partnership strategy, foresight, budget balance, risk analysis,
skills management, etc.).

At its Mediterranean centre in La Seyne, Ifremer welco-
med Bruno Bonnell, General Secretary for Investment who
is leading France 2030 and its Deep Seabed section. Bruno
Bonnell and his delegation were shown a large number of
operational underwater vehicles (AUV Ulyx, HROV Ariane, ROV
Victor 6000, Nautile) and various achievements in artificial
intelligence and underwater robotics.

Bruno Bonnell (4th from left) and the France 2030 Plan delegation visiting
thelfremer Mediterranean centre at La Seyne (Var), 19 October 2022.
© Erick Buffier - Ifremer

21 October
Creation of the mixed research
unit Decod

e

Ifremer, Inrae, and the Institut Agro have inaugurated the
joint research unit (UMR) “Dynamique et durabilité des éco-
systémes: de la source a 'océan” [Dynamics and sustainability
of ecosystems: from source to ocean”] (Decod). The research
carried out by this joint multi-site unit (Brest, Lorient, Nantes,
Rennes) involving 150 researchers, engineers, and technicians,
aims to better anticipate the pressures caused by human
activities on continental and marine aquatic biodiversity.

The UMR Decod team at its first general meeting in 2022 Photo: © Ifremer
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28 October
State support for fisheries
expertise
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7 November

A European agreement
on research evaluation

During a visit to Brest, Hervé Berville, Secretary of Sate
for the Sea, and Frangois Houllier, CEO of Ifremer, signed a
framework agreement on the financial support provided by
government to Ifremer for the collection and development
of fisheries data and expertise. This agreement will com-
plement the scientific studies and monitoring expeditions
carried out by the Institute in this field.

Hervé Berville (left), State Secretariat for the Sea, and Frangois Houllier,
CEO of Ifremer (right) at the signing of their agreement.
Photo © Stéphane Lesbats - Ifremer

7-18 November
Participation in the Ocean
Pavilion at COP 27 in Egypt

'l '11‘

N

oct

L=
PAVILION
COP27 EGYPT 2022

For the first time at a United Nations Conference on Cli-
mate Change (COP), the international ocean science
community came together in a joint pavilion. Alongside
around twenty of its international counterparts, Ifremer
called for recognition of the role of the ocean in regula-
ting the climate, and of the critical role of ocean sciences.

Frangois Houllier has involved Ifremer in the European coali-
tion for the reform of research evaluation, which is based on
four major principles: recognising the diversity of scientific
contributions and careers, giving priority to qualitative peer
evaluation, banning the inappropriate use of metrics based
of the reputation of journals, and avoiding the use of insti-
tutional rankings in the evaluation of researchers.

Frangois Houllier, CEO of Ifremer Photo © Cyril Marcilhacy / Collectif ltem

December

Launch of the first
Ocean-Climate PRP projects

PROGRAMME
PRIORITAIRE

DE RECHERCHE
OCEAN

& CLIMAT

I~

Led by Ifremer and CNRS, the “Ocean and Climate” priority
research programme (PRP) selected 6 projects in its first call
for applications. Two of them, Climartic and Lifedeeper, are
coordinated by Ifremer, which is also a partner in the fol-
lowing ones: Future-Obs (Sorbonne University), Mediation
(Inria), Riomar (CEA), Futurisk (La Rochelle University).



50 years of presence in the Pacific

50 years of
engagement

iN the Pacific

On 4 October 2022, at its Vairao centre
on the island of Tahiti, Ifremer cele-
brated the 50th anniversary of its esta-
blishment in the Pacific, in the presence
of Polynesian authorities and represen-
tatives of the government.

The event was a reminder that, through
its research and support for local
socio-economical activities, the Insti-
tute is a key partner for regional autho-
rities in the field of marine science and
technology.

Ifremer: annual report 2022
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Above:

The Ifremer Pacific Centre was established in
1973 in Vairao Bay, 70km (43 miles)

south-east of Papeete. Photo © Heivini Le Gléau
(Société Kotaha)

Right page:

1- Cultured pearls produced by the Pinctada
margaritifera oyster at the Ifremer Pacific
Centre. Photo © Olivier Dugornay - Ifremer

2- Philippe Moal, Director of the Ifremer Pacific
Centre. Photo © Olivier Dugornay/Ifremer - CCBY

3- Pearls oysters, Platax orbicularis disease,
diversification of aquaculture sectors, adapting
ecosystems to climate change: there is no
shortage of research topics for

for the staff at the Ifremer Pacific Centre.
Photo © Heivini Le Gléau/Société Kotaha
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Dynamic partnership with academic
and economic stakeholders

Thanks to its two sites in French Polynesia and New
Caledonia and the deployment potential of the French
Oceanographic Fleet, Ifremer has a solid foothold in the
Pacific Ocean, which has been strengthened gradually
through partnerships with various stakeholders from the
public and private sectors. The Institute has a long and
special relationship with the Marine Resources Directorate
(MRD). This Polynesian public service, under the supervi-
sion of the Minister for Culture, the Environment, Marine
Resources, in charge of crafts (MCE) has a general compe-
tence in the pearl farming, fishing, and aquaculture sectors.

Ifremer is also a founding member of the “Research,
Higher Education, and Innovation for Polynesia” (RESIPOL)
consortium, which brings together the University of French
Polynesia (UFP), the National Centre for Scientific Research
(NCSR), the Louis Malardé Institute (LMI), the Institute for
Development Research (IRD), Ecole pratique des hautes
études (EPHE), the University of Perpignan (UPVD), and Uni-
versity of California-Berkeley. This consortium has made it
possible to respond to ambitious calls for proposals and to
work on key issues in French Polynesia.

Numerous links have also been forged with the local
socio-economic world. Ifremer has worked hard with the
aquaculture industry to help them improve their daily
practices, diversify, and reduce their impact on the envi-
ronment. The Institute has also made its experimental plat-
forms available toits partners and hosts newly-established
Polynesian companies.

A scientific approach focused on the sustainability
of the aquaculture industry

Today in French Polynesia, the research carried out at
the Ifremer Pacific Centre is based on three major challen-
ges: the diversification of aquaculture production, the adap-
tability of species to global changes, and the reduction of the
impact of aquaculture on the environment.

The Institutes’s scientists are contributing to the deve-
lopment of pearl oysters, shrimps, and Platax orbicularis
fish. They are testing new species to develop aquaculture
industries (oysters for consumption, fish, sea cucumbers,
and sea urchins) and to promote the restoration of the coral
ecosystem. They are studying the biological adaptation
mechanisms brought into play by these species in the face
of climate change, in order to help these industries adapt
to future transformations. The scientists are also looking
at the impact of aquaculture practices (plastic or chemical
contamination linked to fish farming). The goal is to esta-
blish pollution indicators (to support public policy) and to
develop bio-remediation approaches to limit environmental
discharges from aquaculture.

A wide range of ambitions

Sustainability, responsibility and restoration are the key
words that will continue to guide Ifremer’s work in Polynesia.
Still working closely with local stakeholders, the Institute will
be taking its studies into herd health, genetic characteri-
sation of species of interest to aquaculture, adaptability to
global change, and the environmental impact of aquaculture
further. A more ecosystem-based approach is also planned.

In addition to the topics covered by staff at the Tahiti
site, Ifremer is also bringing the Pacific zone the many stu-
dies being carried out by its other teams on marine resources
and biodiversity, marine renewable energies, the role of
the ocean in the climate system, exploration of the water
column, knowledge of active underwater volcanoes, etc.
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The French
Oceanographic
Fleet around
the world

Maintaining security measures linked to Covid and
the rise of inflation has had a significant impact
on the activities of the French Oceanographic
Fleet, but the modernisation of vessels has
continued as a sustained pace, with 3 major
renovation projects launched. In the end, most

of the test programs were able to be completed.



The French Oceanographic Fleet worldwide

Significant progress
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in the renewal of vessels
and equipment

The past year has been a busy one for
ship modernisation. The Atalante ente-
red the shipyard in September 2021 in
Concarneau, and was put back into
service in February 2022 following a
major refit: replacement of the gene-
rators and deep-sea winch, and heavy
maintenance to guarantee continued
operation until 2030. The Antéa and
the Cétes de la Manche have also been
modernised during this period. The first
vessel has undergone extensive refur-
bishment, including the replacement
of some of its acoustic equipment. It
has also been prepared to receive a
medium-depth multi-beam echo soun-
der, which will be installed as soon as
its co-financing with the French Natio-
nal Research Institute for Sustainable
Development (IRD) is secured. The
Antéa joined arrived in New Caledo-
nia at the end of 2022 to replace the
Alis. The Cétes de la Manche has bene-

fited from a complete upgrade of its
scientific equipment. It is now capable
of carrying out shallow water fishing
expeditions.

Testing of the Ulyx autonomous
submersible has also been continued.
Two technical expeditions were car-
ried out in the Mediterranean and the
Atlantic on the Pourquoi pas? in the
first half of 2022, The Hermine 2 cam-
paign, conducted during the summer of
2022, demonstrated the capacity and
potential of this innovative underwater
platform, but also reveals component
defects that were analysed and partly
resolved by the Oceanographic Fleet
Management teams in the following
months. Development tests will conti-
nue in 2023, with Ulyx due to enter ope-
rational service in the first half of 2024.

Another milestone was the launch
of call for bids for the construction of
the Channel Atlantic Semi-Shore Ves-

Ulyx, the latest autonomous
submarine in the French
Oceanographic Fleet, diving during
the Essulyx test program in 2022.
Photo: Olivier Dugornay - © Ifremer

sel (CA-SSV). Due to a price increase
of around 30% linked to the economic
situation, the functional programme
has to be adjusted to the available
budget while remaining consistent with
the objectives of the French Oceano-
graphic Fleet medium-term plan (MTP).
Bids received in January 2023 will be
examined by Ifremer’s Board of Direc-
tors in March 2023.
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Ambitious campaigns
despite the persistence
of Covid and inflation

The manned submarine Nautile dives
into the middle of the Atlanticona
maintenance mission for the EMSO-
Azores seabed observatory located on
the Lucky Strike hydrothermal field.
Photo © Ifremer/Damien Roudeau

In order to ensure secure access to the
ships and to return to a level of activity
close to f previous years, the French
Oceanographic Fleet has continued
the practice of starting and finishing
expeditions in French cities and over-
seas territories. Nevertheless, some
cases of Covid occurred during certain
expeditions. Difficulties in transporting
equipment also led to a reduction in
the duration of several offshore and
coastal missions. The sharp rise in
the cost of energy has also led to the
postponement of the DIADEM offshore
mission to early 2023 and the can-
cellation of non-priority expeditions
(known as “P2”) from mid-2022. These
restrictions have resulted in 388 days
of scientific activity by offshore ves-
sels instead of the 448 days initially
planned. However, 2022 was marked by
a number of flagship scientific expe-
ditions, of which the following are a
few examples.

Focus X2 on the Pourquoi pas?
Project was aimed at setting up an
additional system and maintaining
the temporary passive seismologi-
cal network that had been installed
previously. Comprising of thirty-one

seabed seismometers (OBS), it uses
new fibre-optic detection techno-
logy. It is dedicated to monitoring an
active strike-slip fault located twenty
kilometres (12.4 miles) off the coast of
Catania, at the boundary between the
African and Eurasian plates. The expe-
dition also included taking sixteen sedi-
ment cores near the cable to be laid
in 2020.

Also on the Pourquoi pas?, the
Arc-En-Sub expedition aimed to gain
a better understanding of the tec-
tonic, magmatic, and hydrothermal
processed in the Rainbow massif, a
hydrothermal field in the Mid-Atlan-
tic Ridge off the Azores. Using the
Idefix and Victor 6000, the scientists
explored two types of systems, one
active, acidic, and high-temperature
(Rainbow), and the other two fossilised
(Clamstone and Ghost City). The data
collected will be used to build on new
models of fluid circulation and fluid-
rock interaction.

The Resiste project, on the Thalia,
focused on studying the resilience of a
disused granulate extraction site, the
Pilier, located off the Loire estuary. By
observing the mechanisms at work over
a period of several years, the scientists
aim to determine the restoration capa-
city of an ecosystem subject to intense
anthropogenic pressure.

The Marion Dufresne hosted the
Resilience project, which combined
the Cyclops and Reaction applications.
Its aim was to study the links between
fine oceanic scales (fronts and whir-
Ipools) and marine life as a whole, from
phytoplankton to large mammals. The
mission took place between the Sou-
thern Mozambique Channel and the
Agulhas Current..
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The French Oceanographic
Fleet, a key player
in two major events

The French Oceanographic Fleet
played an active part in two events
that marked the year 2022: a major
international conference organised
in Brest on oceans, and a new type
of floating school.

On 9 February 2022, the French
Oceanic Fleet took park in the Achie-
ving Better Coordination of the European
Research Fleets round-take organised
by Ifremer as part of the One Ocean
Summit, in Brest. The aim of this event
was to present a proposal for a gover-
nance and an economic model for a
permanent structure to coordinate
European fleets. It was the culmination

of discussions held as part of Work pac-
kage 8 (coordinated by the Italian CNR
and Ifremer) of the Eurofleets+ project.
The Star Research Infrastructure (*RI) is
therefore continuing its work to become
part of the European landscapes.

From 28 June to 22 July, the French
Oceanographic Fleet also hosted a
first-of-its-kind expeditionon board the
Marion Dufresne, the Ecole Bleu Outre-
mer. The initiative consisted of welco-
ming seventy-five students (in science,
social sciences, art and communica-
tion, or future sailors) to experience
an oceanographic expedition from the
inside, alongside researchers and an

experienced crew, in the south-west
Indian Ocean. The project, which was
developed by Ifremer and the French
Ministry for Overseas France, was born
from the ambition to share an expedi-
tion with young people from different
backgrounds (mainland France, over-
seas France, countries in the Indian
Ocean region) to bring them together
and raise their awareness of the rich-
ness and importance of the oceans.

A practical course at the Ecole Bleu Outremer,
with students on board watching the
deployment of a bathysonde to acquire phisico-
chemical data on the Indian Ocean

Photo © Ifremer/Louis Bouscary - CCBY
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restoring the seas
and the ocean
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Protecting and restoring the seas and the ocean

The rich biodiversity

Recognising, preserving, and restoring
marine biodiversity and ecosystems

of the ocean floor

Based on environmental genomic
analysis of samples collected from
different parts of the global ocean,
a group of scientists have shown
that the biodiversity of sediments
on the ocean floor is at least three
times greater than that of the
water column.

The ecosystems of deep sediments
are among the least explored biologi-
cal environments on the planet, despite
being the largest (50% of the Earth’s
surface), they are difficult to access
and require heavy equipment at sea
to be studied. They provide habitats
for diverse communities that support
fundamental ecological processes
and services, such as nutrient recy-
cling and carbon sequestration on a
geological scale.

For almost 50 years, considerable
effort has been made to study these
environments, but it has tended to
focus on the morphological analysis of
macro- and mega-fauna, neglecting
the study of microbial and meiofaunal
organisms (smaller than Tmm). Thanks
to the recent development of high-
speed genomic evaluation methods
and technologies, these gaps are
beginning to be filled. Environmental
DNA, obtained from samples taken in
the studied environment and not direc-
tly from an organism, is gradually provi-
ding valuable information.

As part of an international colla-
borative project (Norway, Switzerland,
France, United Kingdom, Germany,
Spain, and United States) involving
scientists from Ifremer, the richness
of deep sediment ecosystems has
been highlighted. Comparing molecu-
lar inventories from samples taken at

An abyssal sediment dweller: this polychaete
worm from the Nereididae family, recognisable by
the tuft of cilia at the top of its head, lives near
hydrothermal springs. © Gilles Martin

different locations and depths in the
global ocean, the study showed that
the sedimentary seabed offers much
greater biodiversity than the water
column. It also revealed previously
unknown species and made it possible
to distinguish between indigenous
organisms and those that flow through
the water column, shedding light on the
circulation and sequestration of orga-
nic carbon from the upper ocean.
These results come from two Merlin
projects, “Pourquoi Pas les Abysses”
and France Génomique -eDNAbyss.
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Cordier Tristan, Angeles Inés Barrenechea,
Henry Nicolas, Lejzerowicz Franck, Berney
Cédric, Morard Raphaél, Brandt Angelika,
Cambon-Bonavita Marie-Anne, Guidi Lionel,
Lombard Fabien, Arbizu Pedro Martinez,
Massana Ramon, Orejas Covadonga, Poulain
Julie, Smith Craig R., Wincker Patrick, Arnaud-
Haond Sophie, Gooday Andrew J., de Vargas
Colomban, Pawlowski Jan, “Patterns of
eukaryotic diversity from the surface to the
deep-ocean sediment”, Science Advances, 2022.
https://archimer.ifremer.fr/doc/00750/86191
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An operational assessment

framework to assess

the vulnerability
of marine ecosystems

At a time when governments are
pledging to create protected areas
covering at least 30% of their land
and sea territories, an interna-
tional research team is working
to better characterise and quan-
tify the vulnerability of marine
biodiversity in order to rationa-
lise ecosystem management and
conservation policies.

While attention is currently
focused on the climate emergency,
there are many other threats to bio-
diversity. Pollutions, invasive species,
disease, and the overexploitation of
resources are pressing threats whose
cumulative impact on ecosystems is
difficult to assess. The complexity of
biological responses to this wide range
of threats and the current ambitions
to preserve biodiversity mean that we
need to broaden the usual approach,
which is too often divided, to consi-
der the functioning of ecosystems as
awhole.

A team of around twenty scien-
tists from the IRD and international
organisations has been working on this
as park of two projects funded by the
Foundation for Research on Biodiver-
sity (FRB), with the support of Electri-
cité de France (EDF) and France Filiere
Péche (FFP).

At the heart of this new method
for assessing vulnerability in the idea
of the functional diversity of commu-
nities. By looking at the role played by
each species in the functioning of the
ecosystem, the distribution of these
functional traits in the community
(abundance, redundancy, rarity) and
the reaction of species to different
disturbances, it becomes possible to

Beautiful but fragile... Faced with these threats,
researchers are calculating the vulnerability of
marine ecosystems in order to protect them
more effectively. Here: an eelgrass meadow in
Finistére. © Olivier Dugornay/Ifremer - CCBY

measure the vulnerability of an eco-
system in a more standardised ope-
rational and rational way. Successfully
tested, notably in the North Sea, this
framework is a promising tool for simu-
lating the evolution of certain commu-
nities under the pressure of multiple
disturbances, and for identifying the
most fragile sites. It can therefore
guide the efforts of decision-makers
to protect biodiversity.

Arnaud Auber, Conor Waldock, Anthony Maire,
Eric Goberville, Camille Albouy, Adam C. Algar,
Matthew McLean, Anik Brind’Amour, Alison L.
Green, Mark Tupper, Laurent Vigliola, Kristin
Kaschner, Kathleen Kesner-Reyes, Maria
Beger, Jerry Tjiputra, Auréle Toussaint, Cyrille
Violle, Nicolas Mouquet, Wilfried Thuiller, David
Mouillot, “A functional vulnerability framework
for biodiversity conservation”, Nature
Communications, 2022. https://doi.org/10.1038/
S41467-022-32331-y/
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The underestimated role
of the deep ocean
in carbon sequestration

Surprising hydrothermal vents:

not only are they an oasis of life,
they also play a little-known role

in carbon sequestration.

© Ifremer - C/O Momar 2008 - CCBY

Recent studies of hydrothermal
vents and abyssal sediments have
revealed that the deep ocean’s high
biodiversity enables the capture of
more CO, than scientists had pre-
viously thought.

It is now estimated that the ocean
absorbs 25% of the CO, emissions
caused by human activities, making it
a major ‘carbon pump’ and an essen-
tial climate regulator. However, rela-
tively little is known about the deep
ocean’s contribution to this process,
which made recent discoveries about
the biodiversity of the deep sea all the
more interesting.

One of these studies relates to
the hydrothermal vents that line
the thousands of kilometres of mid-
ocean ridges, and more specifically
the high-temperature gas column
that escape from them. A team from
Ifremer has shown that these plumes
produce twice as much biomass as is
generally observed at these depths,
making them an oasis of life and a
carbon reservoir that is largely unde-
restimated in previous studies. The
micro-organisms living in these vents
transform around 3% of the total orga-
nic carbon dissolved in the water into

what is known as particulate carbon.
This can then be recycled by other
micro-organisms within the vent or
sink to the bottom of the ocean where
it is trapped.

These results, published in Nature
Communications, combined with those
showing the rich biodiversity of abyssal
sediments, demonstrate the role of the
deep ocean in carbon assimilation and
could help improve climate models such

as those used by the IPCC (Intergovern-
mental Panel on Climate Change).

Cathalot, C.,, Roussel, E.G., Perhirin, A. et
al,”Hydrothermal plumes as hotspots for
deep-ocean heterotrophic microbial biomass
production”, Nature Communications12, 2021
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Contrasting development of
honeycomb worm reefs under
the effect of climate change

Extending from Morocco to Scot-
land, honeycomb worm reefs could
move northwards in Europe as the
climate warms, while breaking up
and disappearing in the areas that
are the most heavily populated.

Honeycomb worms are small
sedentary marine worms living in a
tube of sandy sediment that they build
by producing their own glue. When
agglomerated, these tubes form reefs
that can extend over several square
kilometres and play an ecological role
(shelter for many other species, protec-
tion of the coastline against erosion).
Found along foreshores from Morocco
to Scotland, they are particularly fond
of the French Atlantic coast.

As part of the Reehab (Reef habi-
tat) project, a team from Ifremer has
studied their probable evolution by
2050, assuming a 2 °C in temperature.
The results show that honeycomb
worm colonies would increase in size
(+27.5%) under the effect of such a rise
in temperature, extending their distri-
bution area to the north of Scotland
and into the eastern channel. On the
other hand, scientists have observed
that the distribution areas currently
favoured by this species, such as the
Charente Channel and Vendée, could
become broken, making movement
between reefs increasingly difficult
and eventually leading to their gradual
disappearance from these areas.

Above: Close-up- portrait

of a honeycomb worm head topped
with its crown of silks.

© Stanislas Dubois - Ifremer

Bottom: No rocks on this beach, but
agglomerated honeycomb worm reefs.
These tiny 3cm marine worms can
build colonies up to two metres high.
© Stanislas Dubois - Ifremer

The REEf HABitat project is led by Ifremer and
funded by the French Office for Biodiversity. It
involves three foreign scientific partners: the
University of Porto (Portugal), Bangor University
(Wales), and the University of Plymouth
(England). The results will be used to prioritise
areas of importance for the species

in Europe, and could therefore guide and
help policies for defining marine protected
areas. Find out more: www.hermelles.fr (in
french) / honeycombworms.org (en anglais)
https://onlinelibrary.wiley.com/doi/10.1111/
gcb.16496
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https://onlinelibrary.wiley.com/doi/10.1111/gcb.16496
https://onlinelibrary.wiley.com/doi/10.1111/gcb.16496
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The role of submarine

deltas and canyons

in the burial of organic carbon
on geological time scales

At the Géo-Océan joint research
unit, sedimentologist Sophie Hage
is deciphering the carbon cycle

in the sediments

of submarine canyons.

© Olivier Dugornay - Ifremer

Sedimentologist Sophie Hage is interested

in particulate organic carbon transported

from the continents to the seabeds. She joined
the Geo-Ocean laboratory (University of Brest
and Ifremer) as a post-doctoral fellow in

the European MSCA-Bienvenue’ programme.

In 2022, she contributed to the publication of
three studies, published in Nature Geoscience
and Nature Communications, she carried out
on the underwater canyon of the Congo River
and on a 70-million-year-old delta in Patagonia.



Protecting and restoring the seas and the ocean

What carbon sequestration processes are you wor-
king on, and why this particular interest in underwater
deltas?

The carbon cycle regulates life and the climate on Earth,
involving the atmosphere, the terrestrial and marine bios-
pheres, and the lithosphere. Personally, 'm interested in the
organic carbon carried by rivers into oceans and then stored
in the sediments on the seabed. This mechanism is impor-
tant because it can lead to CO, reductions in the atmosphere
over geological time. Submarine deltas and canyons are fun-
damental to this process as they form the link between the
continents and the seabeds, constituting megacentres of
continental carbon sequestration.

Why did you go to Patagonia to study this ancient emer-
ging delta?

The sediment cores taken from the current seabed don’t
allow us to go back very far in time, and we wanted to find out
how this carbon storage evolved over millions of years. So we
went in search of very old deltas whose surface were caused
by tectonic movements and erosion. My colleagues at the
University of Calgary had identified a unique site in Patago-
nia, a perfectly preserved delta from the Late Cretaceous
(70 million years ago), with geological deposits exposed over
hundreds of kilometres. We stayed for five weeks and dug a
525m trench to expose the delta deposits, describing them
every 10cm and taking rock samples every 5m. We also used
a drone to make a 3D model of the delta. Back in Calgary,
the samples were analysed to determine the levels of buried
carbon and to identify the origin of this carbon (continental
or marine). We found that the carbon buried in the delta was
of continental origin, with sequestration rates close to those
observed in today’s deltas, confirming that deltas played a
major role in the long carbon cycle.

What avenues are you currently exploring at Ifre-
mer through your study at the Congo River submarine
canyon?

I’'m trying to understand how organic carbon is transfer-
red from the continents to the present-day seabed in order
to gain a better understanding of the short and long carbon
cycle. To do this, | am combining coring data conventionally
used in sedimentology with oceanographic measurements
(Doppler current meters, particle traps).

My current study site is the Congo. This river ends its
course in an estuary that opens out into an estuary that
open out into a long (>1000km) underwater canyon which
large quantities of organic carbon are carried. | am currently
working on data collected during an offshore survey carried
out by Durham University (UK) in 2019, in which Ifremer was
a partner. A new study is scheduled for 2024, during which
Ifremer is due to deploy an AUV (underwater robot) to carry
out precise mapping of the canyon floor.

Recognising the interactions
between the climate and the ocean
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What are the main findings of these three studies?

They help quantify the contribution of submarine sys-
tems to land-sea particle transfers and the carbon cycle,
which plays a major role in regulating our climate. Compared
to other, much faster mechanisms such as plant photosyn-
thesis, the quantities of carbon trapped annually in marine
sediments may seem small (a ratio of 1to 1000). However,
the study of the ancient delta in Patagonia has confirmed
that carbon storage is effective over particularly long-time
scales. This provides food for thought about the various
natural services provided by the ocean in terms of carbon
sequestration and their time scale.

* The Marie Sktodowska-Curie Actions (MSCA) fund excellent research
and innovation and equip researchers at all stages of their career with
new knowledge and skills, through mobility across borders and exposure
to different sectors and disciplines.

Brittany’s “BIENVENUE” programme is one of the Marie Curie initiatives,
providing financial support for 75 post-doctoral students to work in Breton
laboratories.

Hage Sophie, Romans Brian, Peploe Thomas, Poyatos-Moré Miquel, Haeri
Ardakani Omid, Bell Daniel, Englert Rebecca, Kaempfe-Droguett Sebastian,
Nesbit Paul, Sherstan Georgia, Synnott Dane, Hubbard Stephen, “High
rates of organic carbon burial in submarine deltas maintained on geological
timescales” Nature Geoscience, 2022.
https://doi.org/10.1038/s41561-022-01048-4

Pope E.L., Heijnen M.S,, Talling P.J., Silva Jacinto R., Gaillot A., Baker M.L.,
Hage S., Hasenhliindl M., Heerema C.J., McGhee C., Ruffel S.C., Simmons S.M.,
et al,, “Landslide-dams affect sediment and carbon fluxes in deep-sea
submarine canyons”, Nature Geoscience, 2022.
https://doi.org/10.1038/s41561-022-01017-x

Talling P.J., Baker M. L., Pope E.L., Ruffell S.C., Silva Jacinto R., Heijnen M.S.,
Hage S., Simmons S.M., Hasenhtindl M., Heerema C. J., McGhee C., Apprioual
R., et al. “Longest sediment flows yet measured show how major rivers
connect efficiently to deep sea”, Nature Communications, 2022.

https://doi.org/10.1038/s41467-022-31689-3
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Accelerated research
into slow, low-magnitude
earthquakes

3D map of the fault zone
beneath the Marmara
Sea. © N., Murphy,

S., Riboulot, V. & Géli,

L. Creep-dilatancy
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Thanks to an in-depth study of
water pressure in marine sediments,
Ifremer scientists are providing
major insights into the phenomena
of slow, low-magnitude earthquakes
and their role in triggering larger tre-
mors in certain regions of the world.
As the earthquake along the East
Anatolian fault on 6 February 2023
reminded us, Turkey is located in a
region of the world subject to signifi-
cant seismic activity. During 2022, Ifre-
mer conducted studies on another fault
in the region, which runs beneath the
Sea of Marmara, less than 50 kilometres
(31 miles) from the city of Istanbul.
This fault has also been the source
of several destructive earthquakes in
the past, such as the Izmit earthquake
in 1999 (magnitude 7.2 to 7.6).
In this zone, particular phenomena

Faudt

1o the MIMF in depth

known as slow, low-magnitude earth-
quakes or SSE (Slow Slop Event) occur
on the tectonic boundary between
Anatolia and Europe. To explain the ori-
gin and identify the consequences of
these episodic slow landslides, Ifremer
researchers deployed piezometers in
the region to measure the water pres-
sure in marine sediments and used
land-based GPS stations to detect and
measure tectonic deformations.
Published in Natural Communica-
tions, the study revealed a correlation
between the fluctuation in pressure
in the underwater sediments and the
deformations observed on land during
a 10-month slow slip event. The pie-
zometer could therefore become an
interesting tool for measuring and
monitoring seismic activity. By ana-
lysing these slow deformations over

a relatively long period, the study has
also provided valuable information on
the functioning of the North Anato-
lian fault, showing in particular that its
progression poses very serious seismic
risks for the megalopolis of Istanbul.

Find the article on Nature Communications
https://www.nature.com/articles/s41467-022-
29558-0
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Launch of the Marmor project
to increase geophysical
monitoring of the seabed

Aimed at better structuring and
equipping the French scienti-
fic community in seismology and
underwater geodesy, Marmor will
implement a seabed observatory for
the study and monitoring of volca-
nism in Mayotte.

The Equipex+ Marmor (Marine
Advanced geophysical Research equip-
ment and Mayotte multidisciplinary
Observatory for research and Response)
project will provide the French scienti-
fic community with mobile equipment
to advance the study of earth deforma-
tion, seismicity, tsunamis, volcanism,
and several key environmental mecha-
nisms on the oceanic and coastal
domains. The project brings together
11 institutions and 3 national research
facilities: the French Seismological and

View of the
underwater volcano
responsible for the
seismo-volcanic crisis
that Mayotte has been
experiencing since
2018. © Ipgp-Brgm-
Ifremer-Cnrs

Geodetic Network (Resif), the Euro-
pean Network of Submarine and Water
Column Observatories (Esmo) and the
Coastal Research Infrastructure (llico).

A part of Marmor, a multidiscipli-
nary observatory of the seabed and
water column will be built and ins-
talled on the outskirts of Mayotte to
monitor and analyse the underwater
seismic-volcanic crisis that has been
underway since May 2018. This obser-
vatory will complement Mayotte’s
volcanological and seismological moni-
toring network (Revosima) and will be
used for research in a variety of areas:
interactions between tectonic and vol-
canic processes, changes in deep-sea
ecosystems in response to volcanic
forcing, research into the emergence
of life and biological colonisation pro-

cesses in avolcanic context etc. Froma
scientific point of view, thanks to inno-
vative equipment, it will contribute to
the understanding of telluric hazards.
From a technological point of view, it
will complement the developments
carried out as part of Ifremer’s excep-
tional scientific investment programme
(PIE ScInObs).

The project has received €15.4m

in government funding over 8 years.
Itis managed by the Agence
Nationale de la Recherche (French ;
National Research Agency) as part .

of the Investissements d’'avenir (Future
Investments) programme under France 2030,
under the reference ANR-21-ESRE-002.

fl.'l:h
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An up-to-date knowledge
overview of the impact of
plan protection products

The presence of pesticides or PPPs
(plant protection products) has
been documented in the marine

environment, including in remote
areas such as the poles and the
deep seabed. ® Lucile Wargniez

Led by Ifremer and Inrae* the col-
lective analysis of a large body of
scientific publications worldwide
confirms the impact of plant pro-
tection products on biodiversity
and ecosystem services on land and
at sea.

For two years, 46 experts from 19
different organisations studied more
than 4,000 scientific publications
worldwide to draw up an inventory of
the contamination of environments
and living organisms by plant protec-
tion products. Commissioned by the
French Ministries of Ecological Tran-
sition, Agriculture, and Research, this
study represents an essential update of
the previous reports (2005 and 2008),
as these products have changes consi-
derably over the last 15 years. Still used
on a massive scale to protect crops
and green spaces against ‘pests’, these
substances have become more pre-
valent, their cross-fertilisation giving
rise to a ‘cocktail’ effect that is complex
to understand.

However, thanks to improved sam-
pling, analysis and detection capabi-
lities, we now have a more accurate
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picture of the situation.

The analyse shows a high level of
contamination of the ecosystems in
which these products are applied, but
also their presence in very remote envi-
ronments, such as areas close to the
poles and the deep seabed, demons-
trating that they are widely distributed
from land to sea. Exposure to plant pro-
tection products has also been proven
for a wide range of organisms, confir-
ming the spread of these substances
along the food chain (invertebrates,
birds, etc.). Some studies identify
acute direct effects, even leading to
the deaths of individual plants, while
others note indirect impacts (reduc-
tion in food resources, elimination of
habitats, impact on pollination). These
products clearly act as an aggrava-
ting factor in the state of health of
terrestrial and marine ecosystems.
This report also looked at the subject

of biocontrol (the use of natural orga-
nisms and substances), but there is still
a lack of scientific work on theirimpact.
It also sheds light on regulatory moni-
toring and assessment methods, the
available means of limiting the impact
of plant protection products and the
need for further studies.

*Inrae (Institut national de recherche pour
'agriculture, I'alimentation et I'environnement).

Sophie Leenhardt, Laure Mamy, Stéphane
Pesce, Wilfried Sanche3, Impacts des produits
phytopharmaceutiques sur la biodiversité

et les services écosystémiques [Impact of
Plant Protection Products on Biodiversity and
Ecosystem Services], ESCo Summary Report,

Inrae-Ifremer, 2022.
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Ecological monitoring
of seawater near nuclear
power stations

Michel Ropertis in charge at Ifremer
of ecological and fisheries monitoring
in the areas surrounding France’s five
seaside power stations.

© Benjamin Simon - Ifremer
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Michel Ropert, a member of the Normandy
Environmental and Resources Laboratory, has
been in charge of ecological and fisheries
monitoring in the surrounding areas of nuclear
power plants (CNPE) since 2016. Ifremer has been
carrying out this work for EDF for almost 40 years
as part of the Impact des grands aménagements
(Impact of major developments, IGA).
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What’s the history of this IGA project which goes back
to Ifremer’s earliest days?

In the 1970s, when the French government launched the
plan to build nuclear power stations, some fifteen potential
coastal sites were identified. In the end, five were selected
and gradually developed: four on the Channel/North Sea
coast (Gravelines, Flamanville, Penly, Paluel) and one in the
Gironde estuary (Blayais). As these centres use seawater for
cooling, EDF is required by law, as the operator, to organise
monitoring of discharges and any impact them may have on
the marine environment.

The ecological aspect of this monitoring was assigned
to two national organisations dedicated to understanding
the ocean (CNECO) and the scientific monitoring of fishing
(ISTPM), which merged in 1984 to form Ifremer. Our Institute
has continued this monitoring mission for EDF under mul-
ti-year contracts that have been renewed to this day. This
is a restructuring project that has led to the recruitment of
hundreds of people. More than a hundred people are still
employed today to carry out this surveillance.

What exactly does this monitoring involve and how has
it evolved?

The initial strategy has not changed fundamentally,
although it has been adapted to changes in the regulatory
requirements for each site. The aim is still to observe the
marine environments surrounding the nuclear power plants,
and to keep an eye on how they are changing. We have seve-
ral measuring points: upstream of the water intakes, in the
zone of influence of the discharge structures, and outside
this zone to have a reference point.

Observations are made in three areas: the water column
(physico-chemical parameters, plankton, microbiology), the
seabed (macro fauna, macro algae), and fishery resources
(crustaceans and fish). We take measurements and samples
at predetermined frequencies. These are generally seaso-
nal, but can also be monthly, as in the case of the Blayais
power station in Gironde, where we work with the University
of Bordeaux.

What reports do you have to provide EDF, and what does
this ecological monitoring tell us?

For each of the five sites, we have to provide annual
monitoring reports presenting our observations and an ana-
lysis of data. We are particularly interested in thermal and
chemical influences, but not radioactivity, which is outside
Ifremer’s field of expertise. Generally speaking, on all the sites
we have observed over 40 years, we can say that the thermal
influence of power stations spreads very quickly (over 100m)
and that there are no perceptible effects in relation to other
global factors such as global warming.

Between 2016 and 2018, we reconstructed and put all
the historical monitoring data into the Quadridge database,
opening up new possibilities for use beyond the initial moni-
toring mission.

pollution and chemical, physical and biological contaminants
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Are there any other partnerships with EDF, particularly
concerning the scientific exploration of these 40 years
of data?

We are working with EDF, the owner of the monito-
ring data, on the scientific use of this extraordinary data.
For example, we took part in the discussion organised by
their Thermal-Hydrobiology group, which is looking at the
effect of thermal discharges into the sea in relation to cli-
mate change. The aim of this initiative was to identify new
avenues of research, and two Ifremer theses were finally
selected, one of which will be based on data from the moni-
toring. These theses are part of a partnership agreement.
Other discussions are underway with EDF Renouvelables
They concern subjects such as environmental DNA or the
assessment of resilience thresholds in relation to marine
renewable energies.
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State of fish populations
in Europe in 2022

Carried out by Ifremer in partnership
with three other institutes, the
report was presented to the press
shows that while overfishing is
declining in Europe, the situation
remains uneven from region to
region. The European aim of 100%
sustainably caught fish has not yet
been achieved.

Ifremer, in collaboration with the
Agro Institute’s Fisheries, Sea and
Coastal Unit, the Flemish Research
Institute for Agriculture, Fisheries and
Food (llvo), and the Irish research orga-
nisation Marine Institute, has drawn
up a 2022 inventory of fish popula-
tions fished in Europe. A summary
was presented at a press conference,
covered by around forty journalists
and viewed online by several thousand
Europeans. This overview, covering the
Mediterranean to the Baltic, confirms
the general trend observed for almost
20 years, i.e a reduction in the number
of overexploited populations and an
overall increase in the biomass of the
species surveyed. On the Atlantic coast,
only 28% of the populations assessed
were overexploited in 2020, compared
with 80% in the mid-2000s. This repre-
sents significant progress, but it is not
enough if we consider that the Euro-
pean Union was aiming at that time and
in that area for fishing to come entirely
from sustainably caught populations.

There are still a number of ten-

Operation to sort fish species as
part of the Obsmer programme
to observe catches at sea

© Olivier Dugornay - Ifremer

sions in the North Sea and the Baltic
Sea, but it is above all in the Mediter-
ranean that fishing pressure remains
high and fish abundance low. In addi-
tion, the impact of climate change is
clearly visible on fish: their distribution
changes, their diet decreased and their
growth slowed.

Modelling tools are becoming
increasingly accurate, leading to
worrying projections of a significant
decline in marine animal populations.
Faced with the challenges that these

developments represent for the mana-
gement and preservation of resources,
the Institute’s scientists are fully mobi-
lised in the search for solutions.

Access the balance sheet at:
https://www.ifremer.fr/fr/comment-vont-les-
poissons-en-europe



https://www.ifremer.fr/fr/comment-vont-les-poissons-en-europe
https://www.ifremer.fr/fr/comment-vont-les-poissons-en-europe
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ObsMer celebrates 20 years
with a French Tour

ObsMer is a system to observe-
catches at sea. It plays an active
role in assessing fish populations
and fishing activity, and celebrated
its 20th anniversary by meeting
fishermen and highlighting all its
contributors.

As a complement to scientific
fishing operations and the analysis
of data of fish auctions, ObsMer is an
essential tool for observing catches at
sea as a whole, i.e taking into account
both the fish landed and those thrown
back into the sea by fishing vessels.
Under the supervision, of the Direc-
torate-General for Maritime Affairs,
Fisheries, and Aquaculture, this colla-
borative programme brings together
scientists from the Institute, who
provide project management assis-
tance, consultancies employing
observers and volunteer fishermen
who take observers on board. In 2022,
410 vessels took on board 50 obser-
vers, who sampled 4,000 tonnes of
fish and measured almost 400,000
individual fish.

To mark ObsMer’s 20th anniver-
sary, Ifremer wanted to thank all those
involved and raise awareness of the
scheme within the industry. Photos
and video interviews have been pro-
duced to highlight the collaboration
between fishermen and observers.
Available via the Ifremer website and
social networks, they were also show-
cased at four special events organised

in Sables-d'Olonne, Boulogne-sur-Mer,
Guilvinec and Sete.

These informal meetings, open to
fishermen, observers, industry repre-
sentatives, and project partners, pro-
vided an opportunity to get to know
each other and discuss the ObsMer
programme.

,’Je suls fler d'dtre
partisan d'un Eravail
main dans la main avec les
scientifigues qui veulent
MIFRE = MOTRE METIER

ek I'évolution des ressources.

Video testimonials: https://www.youtube.com/
results?search_query=obsmer


https://www.youtube.com/results?search_query=obsmer
https://www.youtube.com/results?search_query=obsmer
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in the Antilles analysed
by Recreafish

Launched in 2020 to gain a better
understanding of recreational sea
fishing practices in the Antilles, the
RecreaFish project has published is
final results, which show the econo-
mic importance of this leisure acti-
vity and its significant impact on
fish stocks.

Co-financed by the French Office
for Biodiversity and Ifremer, the Recrea-
Fish project was initiated by Ifremer to
supplement the patchy data available
in the French Antilles (Guadeloupe,
Martinique, Saint-Barthélemy, and
Saint-Martin). A survey was carried out
to find out more about the number of
people who fish and their profiles, and
to gather economic information about
this activity. In the first stage, almost
100,000 telephone contacts were
made to obtain a study panel of 3,500
households across the four islands.
Volunteers were then given a ‘fishing
log’ and asked to record information
about their fishing trips and catches.
A final report was drawn up and the
results of the study were presented at
the Gulf and Caribbean Fisheries Insti-
tute’s annual conference, held in Fort
Walton Beach in the United States from
6 to 11 November 2022.

Fishing is a popular pastime in the
French West Indies, as

a study confirmed by an Ifremer
study of 3,500 households.

© Jéréme Baudrier - Ifremer

Analysis of the data confirmed the
importance of recreational fishing,
both in terms of the economic spin-
offs it generates and the amount of fish
taken from the resource. These clearly
need to be taken into count as part of
the ecosystem-based and sustainable
fisheries management of the Antilles.
This information will soon be used to
improve the initial assessments of

fishery resources. The study will also
contribute to the national debate on
the implementation of a relevant data
collection system in the overseas
territories,

Access the RecreaFish final report
https://archimer.ifremer.fr/doc/00804/91574/



https://archimer.ifremer.fr/doc/00804/91574/
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Publication of a biosafety
and disease management
manual for marine molluscs

o
© Faustine Verger - Ifremer

Isabelle Arzul, member of Ifremer’s Adaptation
and Health of Marine Vertebrates unit,
coordinated the Vivaldi project, in which 21
European partners have developed tools

and strategies to better prevent and mitigate
the impact of diseased in bivalve molluscs.
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What is the background of your work on mollusc
diseases?

There has been an increase in the frequency of deaths
of bivalve molluscs associated with diseases. This affects
both farmed populations, which are of economic interest,
and wild populations, which are of ecological interest. Both
generally occupy the same coastal area and can be affec-
ted by diseases caused by viruses, bacteria, or parasites. Our
aim is to gain a better understanding of how these diseases
appear, how they develop, and, ultimately, how we can limit
their emergence and spread.

Our priority is to target the diseases with have the
greatest impact and with which we are most familiar. For
example, we are looking at the OsHV-1 virus, which is asso-
ciated with significant deaths in young hollow oysters. We
are also working on the Vibrio aestuarianus bacterium, which
affects older individuals, and on the protozoan parasites
Bonamia ostreae and Marteilia refringens, which greatly
reduced populations of flat oysters in the 1960s and 1970s,
an endemic European species that is the subject of resto-
ration projects.

What does the Vivaldi project involve?

It brings a European approach to these issues. This
is essential, because there are a lot of transfers of bival-
ves between France, Ireland, Portugal, the Netherlands
and so on. For example, young oysters produced in France
are exported to other countries to grow and may return
to France at the end of their rearing cycle. It was to take
this aspect into account that we proposed the European
Vivaldi project.

From 2016-2020, it brought together 21 European
partners and gave many scientists, producers, and relevant
authorities to discuss and work on these issues. | coordi-
nated this programme on behalf of Ifremer. We obtained
interesting and varied results on the pathogenic organisms
themselves, the way in which they are dispersed in the envi-
ronment, how shellfish are able or unable to defend them-
selves, and the interactions with environmental factors.

So this disease management manual was the final step
in the project?

In a way. It’s one of the last ‘products’ to be produced.
We have published out scientific results extensively, but we
wanted to go further and propose practical recommenda-
tions. With a few scientific colleagues who were particularly
sensitive to the concepts of management and biosafety, we
invited producers and the relevant authorities (on transfer
and control issues) to join us in drawing up this manual.

This joint development, which was not very common
at the time, was a real strength. It enabled us to cross the
sometimes very different points of view, between cate-
gories of stakeholders and between countries including
Spain, France, Ireland, and Italy. We really became aware
of the differences that existed from one country to ano-
ther in terms of the application of regulations, the organi-
sation of sectors, and cultures. We worked together with
great enthusiasm to identify the key issues and prioritise
the recommendations.
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What are the main recommendations?

Some are fairly general. We emphasised the need for
better communication between scientists, producers, and
regulators at a European level to circulate knowledge and
best practice on risk management. Others concern gover-
nance, to improve monitoring and international coordina-
tion during crisis phases. And, of course, there are technical
recommendations on water treatment, animal selection, and
farming practices.

Has distribution of the guide started?

Yes. In 2022. We called in a professional to ensure a
high-quality layout and we translated the original English
document into French and Spanish to make it easier to
read. The various participants in the Vivaldi project have
distributed it to their network of scientists, producers, and
relevant authorities. An electronic version is readily avai-
lable and we continue to distribute the printed version to
interested parties.

Find the manual:
https://www.vivaldi-project.eu/fr/Activites2/VIVALDI-Manual-for-disease-
management-and-biosecurity



https://www.vivaldi-project.eu/fr/Activites2/VIVALDI-Manual-for-disease-management-and-biosecurity
https://www.vivaldi-project.eu/fr/Activites2/VIVALDI-Manual-for-disease-management-and-biosecurity
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An environmentally-friendly
alternative to antibiotics

to protect hollow oysters
from bacterial infections?

Phages versus bacteria: a future
remedy developed at Ifremer
against infectious diseases in hollow
oysters (and without antibiotics!).

© Stéphane Pouvreau - Ifremer

An Ifremer team is studying the
key mechanisms that could make it
possible to use certain viruses and
phages against certain bacteria res-
ponsible for high mortality rates in
hollow oysters.

The World Health Organisation
considers antibiotic resistance to be
one of the most serious threats to glo-
bal health and food safety. More and
more bacteria are adapting by deve-
loping defence mechanisms that ren-
der ineffective the medicinal solutions
previously used. At the same time, it is
proving more difficult to produce new,
effective molecules to renew our panel
of antibiotics. Finding eco-responsible
alternatives, particularly to protect
livestock, is therefore becoming a
key objective.

In the framework of an advanced
ERC' (A mechanistic approach to
understand microbiome-viriome dyna-
mics in nature), Ifremer researcher Fré-
dérigue Le Roux and her team set out
to study phages in the marine environ-
ment, predatory viruses that attack
certain bacteria while leaving other
organisms unharmed.

They found that phages associated
with pathogenic bacteria of the Vibrio
genus on hollow oysters were capable
of blocking bacterial defences by reco-
vering certain genes, unlike antibiotics.

The results were published in 2022 in
Nature Microbiology.

Ifremer scientists are now conti-
nuing their research into this interes-
ting ability of phages in the hope of
developing more effective and sus-
tainable treatments for infectious
diseases in hollow oysters.

1. The European Advanced Grants Scheme
(maximum value €2.5 millions) is aimed

at established researchers wishing to develop
an innovative exploratory research topic.

Piel D., Bruto M., Labreuche Y. et al., <Phage-host
coevolution in natural populations»,

Nature Microbiology 7,2022.
https://www.nature.com/articles/s41564-022-
01157-1



https://www.nature.com/articles/s41564-022-01157-1
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Diffusion of nanoplastics
in fish organisms

Scientists at Ifremer have experi-
mentally demonstrated that plastic
particles pass through the intesti-
nal walls of fish and can therefore
enter the bloodstream and reach
the organs.

Plastic pollution is now a well-iden-
tified problem that worries the autho-
rities and has recently led to a number
of regulatory changes (such as ban-
ning single-use plastics in the Euro-
pean Union). For scientists, faced with
the widespread presence of plastic in
marine ecosystems, many questions
remain, particularly about the digestion
of nano (smaller than a thousandth of
a millimetre) and microplastics by living
organisms, one of the main controver-
sial issues is whether these particles,
which are released through the food
chain, enter the bloodstream and reach
the organs of the fish by crossing the
intestinal barrier.

Published by the Environment
International journal, the experimental
study conducted by Ifremer, provides
some answers by demonstrating the
passage of polystyrene nanoparticles
through the intestinal epithelium of
European sea bass. Based on an ex vivo
approach, which involves sampling and
mounting a fish intestine in an expe-
rimental device, this study involves
three additional techniques: fluores-
cence measurement, visual inspection
by scanning electron microscopy, and
chemical analysis by high-resolution
mass spectrometry (Py-GC-HMRS).

The evidence is in than nanoparticles (shown
here microscopically) are able to enter

the bloodstream and organs of the fish;

This is worrying news, highlighted in a study by
Ifremer. © Lucie Courcot/ ULCO (Université

du Littoral-Céte d’Opale)

This combination has enabled us to
dispel any remaining doubts about
this intestinal transfer and to propose
amechanism to explain the appearance
of plastic particles in the internal organ
of fish via the bloodstream.

Vagner, M.; Boudry, G.; Courcot, L.; Vincent,

D.; Dehaut, A.; Duflos, G.; Huvet, A,; Tallec,

K.; Zambonino-Infante, J. -I. “Experimental
Evidence That Polystyrene Nanoplastics Cross
the Intestinal Barrier of European Sea bass”,
Environment International, 2022.
https://doi.org/10.1016/j.envint.2022.107340

Mano Detectar =

LG - Université du Litoral Cote d"Opale
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Not-so-inactive seabed
sulphide clusters

The Hermine 2 project revealed that
ancient hydrothermal springs consi-
dered “extinct” still generate suffi-
cient activity to sustain microbial
life and remnants of biodiversity.
The contract to explore the
polymetallic sulphide mounds of the
Mid-Atlantic Ridge, awarded by the
International Seabed Authority (IBA),
was operated on behalf of France.
Sometimes rich in metals such as iron,
copper, or zinc, these clusters are prio-
rity targets for companies planning to
extract undersea mineral resources.
The first Hermine project in 2017 led
to the identification of six new hydro-
thermal fields. Carried out from 9 July
to 24 August 2022, thanks to France
2030 funding for the deep seabed, the
second project continued with this
exploratory work, particularly focussing
on hydrothermal systems considered
to be ‘inactive’ or ‘extinct.
Aboard the Pourquoi pas?, the Her-
mine 2 team, visited the Trans-Atlantic
Geotraverse (TAG) site, a hydrothermal
field at a depth of around 3,645m that
has been studied for over 40 years. The
exploration of clusters considered to be
extinct was carried out with the Nau-
tile deep-sea manned submarine and
the new Ulyx autonomous robot, which
was involved in a scientific expedition
for the first time.

Funding:
France 2030

f!l:\:h
>y

An extinct hydrothermal source does
not necessarily mean the absence of
life, as demonstrated by this colony
of bacteria thriving at 3645m below
sea level at the TAFG site in the
Mid-Atlantic Range.

© Ifremer - Hermine 2 (2022)

The observations showed that hydro-
thermal activity persisted in certain
clusters, generating fluids at tempe-
ratures of between 3.2°C and 30°C,
high enough to allow bacterial colo-
nies to develop and certain species
to survive.

This discovery has led scientists to
reconsider extinct sulphide depo-
sits. The notion of inactivity needs to
be re-examined in the light of a more
detailed understanding of the geolo-
gical, chemical, biological, and micro-
biological processes at these sites and
their spatial and temporal expansion.
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Deep Seabeds PRPE
(Priority Research Programs
and Equipment)

Jean-Marc Daniel, Director of the
Physical Resources and Seabed
Ecosystems Department and leader
of the Deep Seabed PRPE project
and Ifremer.

© Olivier Dugornay - Ifremer (2022)

Director of the Physical Resources

and Ecosystems of the Seabed Department,
Jean-Marc Daniel is leading Ifremer’s development
program dedicated to the deep seabed,

a subject at the crossroads of multiple issues.
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What is the background of this PRPE and what are its
goals?

As part of the France 2030 plan, the French government
has launched a number of initiatives to speed up explora-
tion of the deep seabed, and this PPER (Priority Research
Programs and Equipment) is part of that effort. The deep
sea raises a number of ecological, industrial, geostrategic,
diplomatic, and legislative issues. We still lack the knowledge
to deal with them rationally.

There is an area where fundamental geological pheno-
mena are taking place, which is home to very rich ecosys-
tems and significant mineral resources, and which also hosts
strategic installations for the transport of energy and infor-
mation. Through the PRPE, the French government aims to
boost scientific research on the deep seabed.

On which specific themes does it focus?

As with all research projects, the main objective is of
course to produce new knowledge, but we wanted to take
a very inclusive approach to this project so as to truly be
multidisciplinary and bring a new perspective to the sub-
ject. We are therefore taking a broad approach to the deep
seabed, from the ocean floor to the entire water column,
looking at these areas as places where energy and matter are
exchanged, and as habitats for marine organisms. The aim
is to assess the state and understand the dynamics of the
deep sea and associated ecosystems, as well as theirrole in
the planet’s equilibrium, particularly in terms of biodiversity
and climate.

We also want to examine the way our societies perceive
these areas. Shared by the general public, the researchers
themselves and the decision-makers, they influence the
measures taken within the framework of the law and inter-
national agreements. They also affect scientific, artistic, and
commercial practices. We will therefore be looking at the
physical, biogeochemical, and biological processes at work
in the deep sea, while inviting representatives from other
disciplines to contribute to the debate (such as the law of
the sea, maritime economics, industrial risks, etc.).

Exploring the deep sea and its resources
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How many partners are involved?

The scientific program will be led by the CNRS, Ifre-
mer, and the IRD. However, alongside the traditional scien-
tific council, we want to set up a stakeholder committee.
Here too, our aim is to be inclusive, to involve various repre-
sentatives of society in the discussions, starting with the
stakeholders from the overseas territories who are directly
affected by these issues. We also hope to include NGOs and
businesses. The advantage of the PRPE is that it offers visi-
bility over a relatively long period of time (9 years). We also
plan to coordinate as soon as possible with other initiatives
launched as part of the France 2030 plan in order to make
the best use of the resources available.

What stage has the project reached?

The application was submitted to the Ministry of Higher
Education and Research and for the General Secretariat for
Investment in December 2022. We hope to have feedback
on its assessment very soon.
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The «InOcean»
innovation process

Using predictive maintenance to
reduce the cost of offshore wind
farms, stimulating the immune
system of hollow oysters against a
virus, or using what fins as inspira-
tion for low-carbon ship propulsion
- these are just three examples of
the innovative approaches rolled
outin 2022.

Project development is a mul-
ti-stage process that involves transfor-
ming an idea into a product or service
for the socio-economic world. At Ifre-
mer, this innovation process, known
as InOcean, is based on three addi-
tional mechanisms. Beforehand, the
InO’idées challenge finances and sup-
port the pre-development of internal
projects in order to test their poten-
tial. Then, by the decision of the InO-
cean’s steering committee, the most
promising projects are taking forward
to the development stage, where sup-
port is provided to demonstrate their
operational potential and to patent
the related innovative processes. In
addition, the Octo’pousse competition
encourages the creation of start-ups
capable of providing sustainable solu-
tions for the development of the blue
economy.

Among the various projects whose
development Ifremer, some made
significant progress in 2022. Longus (an
underwater system for measuring the
lengthening of textile mooring lines),
which came out of the InO’'idées 2020
programme, is now entering the patent
application phase and the search for
industrial partners. This sensor sys-
tem, which can be used for predic-
tive maintenance, has been very well
received in the world of marine energy,
as it reduces the costs associated with
anchoring the platforms supporting
offshore wind turbines.
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Similarly, the start-up Bluefins, after
an impressive development process,
now has 6 employees and has enters
into a partnership with TotalEnergies.
Its wave powered system, inspired
by whale fins, can reduce the energy
consumption of shits by 20%. Finally,
the Star project, for “Stimulation anti-
virale chez I'huitre Crassostrea gigas”
(“Antiviral stimulation in the Crassos-
trea gigas oyster”), which proposes a
method for protecting young oysters
from episodes of large-scale deaths
due to OsHV-1 herpes virus.
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A swarm of underwater
micro-drones wins the
Octo’pousse competition

For its second annual innovation
competition, Ifremer has chosen the
DEESS project, which aims to imple-
ment a swarm of drones capable of
taking high-resolution photographs
of the seabed over large areas.

Today, images are playing an
increasingly important role in the study
of the seabed, and various types of
equipment are used to acquire them.
However, the existing underwater
vehicles and robots, which are generally
equipped with a range of high-perfor-
mance instrumentation, are expensive
and difficult to operate.

CONCOURS

JANVIER - UM 3032

Crée ta start-up avec 'Ifremer

Frédéric Mittaine, leader of the DEESS
project, is considering additional solu-
tions for acquiring detailed data at
lower cost, without the need for divers
or specialised vessels.

The idea is to deploy around a
hundred simply-designed micro-UAVs
a few metres from the seabed and at
four-metre intervals. Coordinated by
surface drones, they will be able to
take high-resolution photographs of
more than one square kilometre per
hour. Thanks to high-performance
image processing, these photos can be
combined and used for mapping appli-

moyens
- d'essais.
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cations (photogrammetry) or to help
monitor ecosystems and identify eco-
systems and identify points of interest.

Ifremer will be working with the
Nice-based start-up to develop the
data acquisition system, the image
processing, and the enhancement
chain. For 18 months, Yannick Penne-
¢ot, an engineer on the DEESS project,
will be recruited at the Ifremer centre in
La Seyne-sur-Mer to benefit from the
expertise of the teams there in the field
of underwater vehicles.
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Contribution
to the national strategy
“Advanced technologies

for energy systems”

Ifremer is involved in two develop-
ment projects for floating wind
turbines as part of a consortium of
industrial and academic researchers.
As part of the France 2030 pro-
gramme, the national “Advanced tech-
nologies for energy systems” (Ates)
strategy aims to encourage the deve-
lopment of a French industry in the new
energy technologies by targeting three
priority sectors: photovoltaic, floating
wind power, and energy networks. In
response to a call for projects issued
by the French Environment and Energy
Management Agency (Demo-Tase),
Ifremer has been selected to take
part in two projects led by BW-Ideol
and Eolink.
The HT20MW Eolink operation aims
to deploy a high-voltage mechanical
and electrical connection hub that will
be submerged at a depth of 30m and
should operate maintenance-free for
ten years. This equipment is primarily
intended for docking floating wind
turbines (an application for 20 MW
machines is planned) and for expor-
ting electricity to land. It could also be
used to anchor ships at sea. Eolink has
a number of partners (Everaxis Indus-
tries, France Energies Marines, Ifremer,
Gustave Eiffel University, Windgalz).
Ifremer’s contribution will focus on
modelling anchor lines and analysing
their lifespan.

France 2030 is supporting Ifremer’s

work on the Eolink 20 MW and Vellela2

projects (modelling anchor lines and

analysing their lifespan, innovative

anchoring solutions, and traction

and fatigue testing, monitoring the r“;:h
FLOATGEN floating wind turbine on

the marine environment, habitats, ___.,-"'
and seabed communities. =

Wind turbine ropes on the test
benchin the Ifremer laboratories
© Peter Davies - Ifremer

The Vellala2 Ideol project is based on
the Floatgen floating wind turbine
demonstrator, which has been opera-
ting at the Ecole centrale de Nantes
(ECN) since 2018. The aim of the project
is to reduce the environmental impact
and the investment and operating
costs of this system without calling
its reliability into question. Ifremer will
be looking, in particular, at the beha-
viour and durability of the alternative
materials (traction and fatigue tests on
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cables weighing up to 100 tonnes) pro-
posed for the anchor lines (synthetic
chain links, innovative fibres etc.) and
the environmental impact of Floatgen
on the marine environment, habitats,
and seabed communities. The pro-
ject consortium also includes several
stakeholders (Ideol, IVM, Ifremer, ENSTA,
Brittany, Ecole centrale de Nantes).



Sustainably managing of marine resources In ng for sible, k fre: Ifremer: Annual report 2022 46
for h well-being of human societi bI ddg I ndu

The Blue Ocean fund

raises €170m for start-ups
dedicated to regenerating
the ocean

Jéréme Delmas,
general manager of SWEN Capital

Co-founder and Managing Director of SWEN
Capital Partners, an investment company
specialized in sustainable and positive-impact
non-listed investments’, Jérome Delmas is
delighted with the partnership built with Ifremer
as part of the SWEN Blue Ocean fund.
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What distinguishes SWEN Capital Partners from other
investment companies?

At SWEN, environmental, social, and corporate gover-
nance (ESG) criteria play a central role in the direction of our
investments, in order to have a positive impact on the world.
Ten of the company’s 100 employees are dedicated exclu-
sively to this extra-financial analysis. We use tools such as
the NEC (Net Environmental Contribution) indicator to mea-
sure the environmental impact of economic activities over
the entire life cycle of assets. We also have one of the lar-
gest extra-financial databases in Europe. For us, people are
a fundamental value. We have a dynamic, highly committed
team, just like what we do. That’s why our relationship with
Ifremer has gone so well.

What exactly is Blue Ocean and how would you sum it up?

The SWEN Blue Ocean strategy aims to protect and
regenerate the ocean and respond to three major challen-
ges: overfishing, marine pollution, and climate change. At the
time of the launch, our ambition was to raise €120 million, and
by the end of the campaign we succeeded in raising €170
million, making it the largest fund for Ocean-Tech start-ups.
These funds, which come from financial and institutional
stakeholders, have so far been invested in nine new start-
ups. So it’s clearly a success.

I'm extremely proud of this project, which is outstanding
example of public-private partnership. It’s based on a suc-
cessful partnership between the Blue Ocean team, which
specialises in the Blue Economy, Ifremer, as a high-level
scientific advisor, and the SWEN platform, which is both
robust thanks to its mutualist shareholding (Ofi Invest, Cré-
dit Mutuel Arkéa) and an expert in sustainable investment.

I'd like to particularly highlight the partnership with
Ifremer, a first in France, because it has given the fund a
great deal of credibility. The Institute invested €5 million in
Blue Ocean and is also a member of the Impact Governance
Committee, which annually validates the key indicators and
impact targets for each investment. It can also play a sup-
porting role in the investment process, providing scientific
strategic evaluation and due diligence. For this last point,
the Blue Ocean team is not obliged to call Ifremer, but we've
been happy to do so since the fund was launched, at really
constructive monthly meetings. Given the complexity of
these ocean issues, Ifremer has provided unique added
value in the choice of relevant criteria and the scientific and
technological assessment of the applications. I'm firmly
convinced that we need to develop this type of partnership
that combines science and finance. It’s the key to achieving
the positive systemic impact we're looking for, to giving
approach credibility with institutional investors and insuring
long-term viability.

Innovating for a responsible, risk-free,
sustainable, and digital industry
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Could you describe some of the companies backed by
Blue Ocean?

One of the first investments was Spinergie (France), a
company that assesses and optimises the performance of
the ships to limit their environmental footprint. This is an area
of direct interest to Ifremer for the French oceanographic
fleet it operates. We have also invested in Nature Metrics
(UK), which is working on a new method for analysing envi-
ronmental DNA, a technology for studying biodiversity from
water or sediment samples. There could be opportunities for
Nature Metrics to contribute to Ifremer’s work. Noray Sea-
foods (Spain-Norway) is another good example of the type of
positive-impact activity we want to support. This company
produces shrimp in a closed circuit inland from the sea, using
water recycling processes that save resources and prevent
pollutants from being discharges into the sea. Its location in
Europe also offers an interesting alternative to imports from
Asia or South America, thereby limiting the sea transport.
Ifremer’s technical expertise was essential in carrying out a
preliminary assessment of this investment.

Are you planning a Blue Ocean 2?

Yes, it’s planned for 2024 with the aim of raising more
f